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Toevaluate the effectofvolume loading in the lowoutput
state associated with right ventricular infarction, iso-
lated right ventricular infarction was produced in seven
dogs with the pericardium intact. Volume loading and
pericardiotomy were then sequentially performed. After
the production of right ventricular infarction, right ven-
tricular systolicpressure decreased by 25%, aortic pres-
sure by 36% and cardiac output by 32%. Right ven-
tricular ejection fraction decreased by 57%, but left
ventricular ejection fraction did not change significantly.
Left ventricular transmural pressure and diastolic size
decreased, and right ventricular diastolic size increased.
Intrapericardial pressure increased and equalization of
diastolic pressures was noted. Volume loading resulted
Predominant right ventricular infarction is characterized
clinically by a low output state and signs of predominant
right heart failure with little or no evidence of left heart
failure (1-4). Hemodynamic evaluation typically demon-
strates low cardiac output, disproportionate elevation of right
ventricular filling pressure and, frequently, equalization of
diastolic pressure in the ventricles (1-6). Recent studies (7)
suggest that low cardiac output in experimental right ven-
tricular infarction is primarily due to reduced left ventricular
preload resulting, in part, from depressed right ventricular
function. Elevated intrapericardial pressure, secondary to
right ventricular dilation, further reduces left ventricular
preload and produces diastolic pressure equalization.
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in increasedright ventricular systolic pressure and stroke
work, increased aortic pressure and cardiac output and
increased transmural pressure and diastolic size in both
ventricles. Pericardiotomy resulted in further increases
in right and left ventricular filling, stroke work and
cardiac output, as well as resolution of equalized dia-
stolic pressures.
These results indicate that cardiac output in experi-
mental right ventricular infarction increases with vol-
ume loading, whichenhances left ventricular preload by
augmenting right ventricular output. Elevated intraper-
icardial pressure affectsfilling of both ventriclesand may
playa role in the pathophysiology of low cardiac output
in right ventricular infarction.
Clinical experience has shown that volume loading can
be effective in improving the low output state associated
with right ventricular infarction, although the mechanism
for such improvement remains unclear (1-3). Therefore,
the purpose of this experimental study was to evaluate the
mechanisms responsible for improved cardiac output with
volume loading in experimental right ventricular infarction.
Methods
Experimental preparation. Seven dogs weighing 20 to
30 kg; with intact pericardium were studied. Instrumentation
and surgical preparation for production of right ventricular
infarction by selective intracoronary injection of mercury
were carried out according to methods previously described
(7). Instrumentation included pressure transducers in the
right and left ventricles, a thermodilution catheter in the
pulmonary artery, a flow probe on the proximal aorta, an
intrapericardial balloon catheter and a free floating right
coronary artery catheter for mercury injection. Atrial pacing
was performed at an average of 130 beats/min to maintain
a constant heart rate throughout the experiment. Antiar-
rhythmic therapy was initiated prophylactically with pro-
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cainamide (loading dose 10 mg/kg intravenously), slowly
administered approximately 20 minutes before control re-
cordings were made.
Gated pool radionuclide imaging. To assess changes
in ventricular size and function, equilibrium multiple gated
blood pool scintigrams were initiated 10 minutes after the
administration of 15 mCi of technetium-99m-labeled al-
bumin, using an Ohio Nuclear series 120 (Ohio Nuclear,
Division of Technicare, Sollon, Ohio) portable scintillation
camera and high resolution collimator. Scintigrams were
acquired to 6 millioncounts in the " best septal" left anterior
oblique projection with 15° caudal tilt. Images wereacquired
in 28 frames and processed on a PDP 11 /40 minicomputer
(Digital Equipment Corporation) and displayed in a 128 x
128 format on a high quality display (DeAnza, Inc.) using
256 gray shades.
Echocardiography. Two-dimen sional echocardio-
graphic images of the right and left ventricles wereobtained
with a wide angle (80°) phased array scanner and a 3 MHz
transducer (model V3000, Varian Associates). The heart
was imaged from a subdiaphragmatic approach. A hand-
held transducer was placed intraabdominally througha small
midline epigastric incision and directed toward the apex of
the heart using the diaphragm as a window. A long-axis
four chamber view of both ventricles oriented according to
the intraventricularseptum and atrioventricular valveplanes
was obtained. The transducer was then angled to maximize
first the right ventricular and then the left ventricular dia-
stolic size and to obtain a clear endocardial outline of the
respective cavities.
Data collection. Arterial bloodgases and pH were mon-
itoredfrequently, the ventilationwas adjustedand bicarbon-
ate was administered to maintain partial pressure of oxygen
(Poz) and pH in the normal range. Body temperature was
monitored with a rectal probe and averaged 36SC. He-
matocrit was monitored and averaged 43%. The reference
lumens of the right and left ventricular transducer tip cath-
eters were connected with a manifold to the pressure trans-
ducer (model P23DB, Gould Inc., Statham Instruments Di-
vision) that was used to measure pericardial pressure. This
transducer was balanced to atmospheric pressure at the mid-
plane of the left ventricle. Before and after each recording,
right and left ventricular pressures measured with the solid
state transducer were compared with those measured through
the lumen and corrected if necessary. These pressures, in
addition to the electrocardiogram, were recordedon a direct
writing strip chart recorder (model M-28, NFE Corpora-
tion), a tape recorder (model 5600 C, Electronics for Med-
icine, Honeywell , Inc.) and a photographic recorder (model
1856, Electronics for Medicine , Honeywell, Inc.). The elec-
tromagnetic flow probe was calibrated in vitro, passing blood
through the probe at a known rate. The flowmeter gain was
preset to match the individualprobes in the experimentwith
correction for the hematocrit value.
Experimental protocol. Control measurements were re-
corded after a stabilization period of approximately 25 to
30 minutes. The hydraulic occluder placed around the right
coronary artery proximally was then inflated and 0.15 ml
of elemental mercury was injected into the right coronary
artery through the indwelling catheter over a period of 5 to
10 seconds. When hemodynamic stabilization after admin-
istration of mercury was achieved, approximately 5 to 7
minutes after infarction, hemodynamic, nuclear and echo-
cardiographic measurements were repeated. Volume load-
ing was then performed with 500 ml of normal saline so-
lution infused intothe femoral vein over a 10minute period.
Measurements were repeated at the new plateau of hemo-
dynamic stabilization. The pericardium was then opened
laterally from the aorta toward the lateral right ventricular
free wall and measurements were repeated after hemody-
namic stabilization.
Analysis of hemodynamic data. Aortic, ventricular
and pericardial pressures and left ventricular positive max-
imal rate of pressure development (dP/dt) were analyzed
from the photographic recordings. Cardiac output data were
obtained from the thermodilution cardiac output computer.
Because we did not measure pulmonary artery pressure,
an index of right ventricular stroke work was calculated
f rom the fo rmula:
(Right ventricular peak systolic pressure- pricardial
systolic mean pressure) - (Right ventricular diastolic
mean pressure - pericardial mean diastolic mean pressure)
x Stroke volume x 0.0136.
Left ventricular stroke work was obtained from a similar
calculation:
(Left ventricular systolic man pressure - pericardial
systolic mean pressure) - (Left ventricular mean
diastolic pressure - pericardial mean diastolic pressure)
x Stroke volume x 0.0136.
Ventricular transmural pressures were calculated by sub-
tracting pericardial pressure at end-diastole from ventricular
end-diastolic pressure.
An index of pulmonary vascular resistance was calcu-
lated using peak right ventricular systolic pressure instead
of mean pulmonary artery pressure, which was not mea-
sured: (Right ventricular peak systolic pressure - left ven-
tricular diastolic mean pressure)/Cardiac output) x 80. Sys-
temic vascular resistance was calculated with the formula :
(Mean arterial pressure - right ventricular diastolic mean
pressure)/Cardiac output) x 80.
Analysis of scintigraphic data. In each serial study,
multiple gated blood pool scintigrams were formated and
viewed in each animal both as a 28 frame movie and as an
alternating end-diastolic,end-systolic display. Right and left
ventricular ejection fractions were calculated from back-
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ground-subtracted count values with visually selected ven-
tricular regions of interest in each animal in a control state
and after each intervention. Background-corrected counts
were then corrected for decay by use of a blood pool sample
drawn at the time of each scintigram for any loss of radio-
nuclide from the blood pool. In each animal, corrected ven-
tricular counts were compared with the control value and
expressed in terms of the percent change in the respective
ventricular volume. The scintigraphic studies were assessed
by a single observer, in random order and without knowl-
edge of other data. Repeat assessment of ejection fractions
and volumes by the same and different observers revealed
interanimal and intraanimal variability to be consistently less
than 5 ± 2% (mean ± standard error of the mean).
Analysis of echocardiographic data. Ventricular dia-
stolic size was also analyzed by two-dimensional echocardi-
ography using a light pen microcomputer system calibrated
in the vertical and horizontal directions with an ultrasonic
calibrating standard, which allows the operator the choice
of three algorithms for calculating volumes from traced out-
lines. End-diastole was considered as the peak of the R
wave of the QRS complex, and end-diastolic frames were
selected for optimal endocardial visualization. Ventricular
outlines were traced by applying the light pen to the inner
border of the chamber wall. The long axis for the area-
length measurements was defined as the longest line running
from the atrioventricular valve plane to the apex. Three
separate frames during control, postinfarction and postper-
Table 1. Summary of Results (mean ± standard deviation)
Control Postinfarction Post Volume Loading Postpericardiotomy
Systemic arterial pressure (mm Hg)
Systolic 129 ± 17 85 ± 17§ 118 ± 15§ 137 ± 15§
Diastolic 103 ± 16 68 ± 18§ 99 ± 18§ 115 ± 21
Mean 117 ± 16 75 ± 18§ 104 ± 16§ 120 ± 16t
RV pressure (mm Hg)
Systolic 24 ± 3 18 ± 3§ 23 ± 3§ 23 ± 3
DIastolic 3.7 ± 1.4 5.6 ± 1.5t 8.1 ± 2.6§ 4.9 ± 2.0§
End-diastolic 4.7 ± 1.6 6.3 ± 1.8§ 9.6 ± 7.4§ 5.7 ± 7.1§
Transmural 0.6 ± 0.5 0.6 ± 0.5 1.3 ± 1.6 5.7 ± 2.1§
Nuclear RV end-diastolic size (% 100 134 ± 13§ 168 ± 20§ 202 ± 26§
of control)
Echocardiographic RV end- 100 216 ± 28§ 313 ± 37§ 511 ± 74§
diastolic size (% of control)
RV stroke work (g-m/nr') 3.7 ± 1.3 1.5± J.7§ 2.5 ± 1.0* 3.5 ± l.4t
Nuclear RV ejection fraction (% of 100 43 ± 13§ 49 ± 10 57 ± 12
control)
Pericardial pressure (mm Hg)
Diastolic 3.3 ± 1.5 5.1 ± 2.0* 7.7 ± 3.M o ± O§
End-diastolic 4.1 ± 19 5.7 ± 2.3 8.3 ± 3.4t o ± O§
LV pressure (mm Hg)
Peak systolic 121 ± 17 85 ± 20§ 114 :+- 19§ 133 ± 21*
Systolic 114 ± 17 75 ± 19§ 108 :±' 17§ 126 ± 19*
Diastolic 7.7 ± 2.3 6.3 ± 2.4 10.9 ± 3.n 10.3 ± 4.2
End-diastolic. 8.7 ± 2.3 7.3 ± 2.4 11.9 ± 3.4t 11.0 ± 4.4
Transmural 4.6 ± 1.7 1.6 ± J.3t 3.6 ± 2.5t 10.7 ± 4.5§
Nuclear LV end-diastolic size (% 100 84 ± lOt 91 ± lOt 120 ± 22§
of control)
Echocardiographic LV end-diastolic 100 74 ± 9§ 87 ± 7t 125 ± 13§
size (% of control)
LV stroke work (g-m/nr') 21.1 ± 4.5 10.1 ± 3.7§ 17.8 ± 3.6t 26.1 ± 7.3t
Nuclear LV ejection fraction (% of 100 94 ± 12 91 ± 10 93 ± 12
control)
LV positive maximal dP/dt (mm 3427 ± 554 2984 ± 448 3266 ± 802 3669 ± 913
Hg/s)
Stroke volume (ml) 15 ± 3.6 10.5 ± 3.3§ 13.7 ± 2.7t 16.5 ± 3.7
Cardiac output (liters/min) 1.9 ± 0.4 1.3 ± 0.4§ 1.8 ± 0.3t 2.1 ± .5t
Pulmonary vascular resistance 631 ± 305 702 ± 183 556 ± 135 482 ± 137
(dynes-s-cm-5)
Systemic vascular resistance 4906 ± 1577 4644 ± 1523 4754 ± 1337 4764 ± 1275
(dynes' s-cm - 5)
*p = 0.05; tp = 0.01; tp = 0.005; §p = 0.001.
dP/dt = first derivative of left ventricular pressure; LV = left ventricular; RV = right ventricular.
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icardiotomy periodswereanalyzed.The tracedareaoutlines
and lengths were stored in the computer memory and were
recalledindividually to calculatean analogof left ventricular
volume by a single plane area-length method. These mea-
surements were used to estimate ventricular diastolic size
andareexpressedas relativepercentsequential changesafter
interventions.
Mercury distribution in the heart was confirmed by post-
mortem radiography. Films of the intact heart from the
anteroposterior and a right lateral view were obtained. The
heart was then dissected into right ventricularfree wall. left
ventricular free wall and septal sections, which were then
individually filmed .
Statistical analysis. All data were analyzed by a two
way analysis of variance. Significance was defined at the
95% level .
Results
Right ventricular infarction. Postmortem radiographic
analysis revealed that mercury was selectively and diffusely
distributed to the right ventricularfree wallwithoutinvolve-
ment of the septum or left ventricle .
The hemodynamic derangements after the production of
rightventricular infarction aresummarized in Table I . Within
15 to 20 seconds after injection of mercury into the right
coronary artery, right ventricular systolic pressure began to
decrease , while indexes of right ventricular preload in-
creased and right ventricular ejection fraction decreased.
Within 45 to 60 seconds after mercury injection , aortic
pressure. cardiac outputand left ventricular systolic pressure
began to decrease. When hemodynamic stabilization was
reached in 3 to 5 minutes, aortic pressure and cardiac output
had decreased by nearly 33% (Fig. I). Right ventricular
systolic pressure decreased by 26% (Fig. 2), right ventric-
ular ejection fraction decreased by 57% and echocardio-
graphic and nuclear angiographic indexes of right ventric-
ular preload increased markedly (Fig. I, 3 and 4). Left
ventricular systolic mean pressure decreased by 34% along
with decrements in nuclear and echocardiographic indexes
of left ventricularpreload; left ventricular transmural pres-
sure and left ventricularend-diastolic pressure also declined
(Fig. 2 and 3). Intrapericardial pressure increased and di-
astolic pressure equalization of the right ventricle , left ven-
tricle and pericardium was noted in five of seven experi-
ments (Fig. 2).
Alterations in right ventricular performance after right
ventricular infarction were evident as visual inspection re-
vealed gross dilation and impaired contractility of the right
ventricle. The decrease in right ventricularejection fraction
and stroke work, in conjunction with increases in indexes
of right ventricular preload , indicates depressed right ven-
tricular systolic function . The nearly 50% decrement in left
ventricular stroke work, however. occurred without any sig-
nificant change in ejection fraction and was accompanied
Pos t- Post- Pos t-
Control infarction volume perlcardiotomi
Aortic 20}.~ ~
Pressure ~ ~
Figure 1. Pressure recordings during
control. postinfarcnon, postvolume 40[loading and postpericardiotomy pc- RV
nods in a typical experiment. Pres- Pressu re
o !fVL!~sures are expressed in mm Hg (high
resolution diastolicpressures from the
same experiment are illustrated 10 Fig. 40[2). After infarction. right ventricular Per icardial
(RV) systolic. aortic and left vcntric- Pressu re o ~ .Al\/-ular (LV) systolic pressure decreased;
although right ventricular diastolic
pressure and pericardial pressure in- 2°O fcreased. diastolic pressure decreased. LV -Pressu re
o =rvv. - f\1\;- =rvv=
LV 40[Pressu re
(xS)
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Postinfarction
Figure 2. Pressure recordings during
control , postinfaretion, postvolume load-
ingandpostpericardiotomy periods. Pres-
sures (mm Hg) are recorded at high gain
to illustrate diastolic pressures and pres-
sure changes are zeroed at a common
baseline. After right ventricular (RV) in-
farction , its systolic pressure decreased,
while its diastolic pressure increased. In-
trapericardial pressure (lPP) increased,
while left ventricular (LV) diastolic
pressure decreased. There was equaliz-
ationofdiastolicpressures after infarction
that resolved postpericardiotomy.
ECG = electrocardiogram.
mm Hg
20[
10
Q
ECG
mmHg
~:f
ECG
Post volume Postpericardiotomy
by a decrease in left ventricular preload, suggesting no ob-
vious depression of left ventricular function (Fig. 3 and 4
and Table I).
Effects of volume loading. The hemodynamic response
to the 500 ml volume challenge (Table I , Fig. 1 to 3) given
over 10 minutes was linear, with the peak response corre-
sponding to the completion of the infusion. The hemody-
namic effects were susta ined for the 15 to 20 minute interim
between volume loading and pericardiotomy. The response
was manifested by a 35% increase in aortic pressure and
cardiac output. Right ventricular systolic pressure increased
by 28% , while nuclear and echocardiographic indexes of
right ventricular preload increased markedly (Fig. 3 and 4).
Right ventricular stroke work increased by 67%, though
right ventricular ejection fraction did not increase signifi-
cantly . After volume challenge, left ventricular stroke work
improved 76% , while indexes of left ventricular preload
increased concomitantly . Along with increments in ventric-
ular transmural filling pressure and diastolic size, intraper-
icardial pressure increased and the pattern of diastolic pres-
sure equalization persisted (Fig. 2).
Response to pericardiotomy. Pericardiotomy resulted
in rapid and significant improvement in hemodynamic vari-
ables (Fig. I to 3). Within 2 minutes of pericardiotomy,
aortic pressure and cardiac output significantly increased.
Right ventricular stroke work increased by 40%, along with
marked increments in indexes of right ventricular preload.
Right ventricular ejection fraction increased to a small but
insignificant degree. Left ventricular stroke work improved
by 47%, along with significant increases in transmural pres-
sure and indexes of left ventricul ar preload. Pericardiotomy
resulted in resolution of the diastoli c pressure equalization
pattern (Fig. 2).
Discussion
Hemodynamic effects of right ventricular infarction.
The present experiment was designed to study the effects
of volume loading in right ventricular infarction . In previous
studies (7), we demonstrated that this experimental model
produces selective right ventricular infarction characterized
by profound depression of right ventricular function, re-
duced left ventricular preload , equalization of ventricular
diastolic pressures and low cardiac output. Previous studies
have substantiated the utility and accuracy of echocardio-
graphic (8-10) and nuclear angiographic techniques (Il-
13) in the analysis of ventricular size and function . In the
present study, we utilized the same model and methods to
reproduce the hemodynamic derangements previously de-
scribed . Hemodynamic evaluation indicates that right ven-
tricular infarction produced profound depression of right
ventricular function. Right ventricular ejection fraction and
stroke work decreased markedly , despite increases in right
ventricular preload. Left ventricul ar stroke work decreased
along with marked decrements in left ventricular preload.
Left ventricular ejection fract ion, however, did not change
significantly. Intrapericardial pressure increased and was
associated with equalization of ventricular diastolic pressures.
Effects on left ventricular preload. It is apparent that
the reduced systemic output that accompanies right ven-
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Figure 3. Hemodynamic and radionuclide angiographic data after
right ventricular infarction, volume infusion and pericardiotomy.
Radionucl ide angiographic ventricular end-diastolic volume IS ex-
pressed as percent change from the control value definedas 100 % .
White bar = control, horizontal bar = after right ventricular
infarction (RVI), diagonal bar = postvolume (VOL) infusion and
solid bar = postpericardiotomy (PCX). Each bar shows thc mean
and standard error of the mean. Significant changes arc expressed
by the probability (p) values.
tricular infarction results, at least in part, from reduced left
ventricular preload. One of the primary mechanisms leading
to reduced left ventricular preload appears to be markedly
depressed right ventricular function as evidenced by loss of
visible right ventricular contractions, markedly depressed
right ventricular ejection fraction and severe generalized
right ventricular hypokinesia on echocardiography and nu-
clear angiography. Depression of right ventricular stroke
work and ejection fraction occurred despite increases in
indexes of right ventricular preload, indicating impaired
right ventricular pump function. Thus, impaired right ven-
tricular systolic function wasassociated with decreased right
ventricular stroke volume, which contributed to reduced left
ventricular preload. Left ventricular stroke work decreased
concordantly with decrements in left ventricular preload and
without changes in left ventricularejection fraction or dP/dt,
indicating no change in left ventricular contractility.
Beneficial effects of volume loading. Volume loading
resulted in immediate and significant improvement in hemo-
dynamic variables. The augmentation in systemic output
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Figure 4. Radionuclide scintigram in a typical experiment show-
ing serial end-diastolic (ED) and end-systolic (ES) equilibrium
blood pool scintigrams performed in the control state (I), after
right ventricular infarction (2), after volume infusion (3) and after
pericardiotomy (4). The arrows in each figure point to the region
of the right ventricle. Right ventricular end-diastolic volume (ar-
rows) increased sequentially with each phase of the experimental
protocol. There was a similar increase in right ventricular end-
systolic volume. After right ventricular infarction (2), the left
ventricular end-diastolic scintigram reveals compression and dis-
tortionof left ventriculargeometry, as well as an absolutedecrease
in left ventricular volume. After volume infusion (3) and pericar-
diotomy (4), left ventricular end-diastolic volumes sequentially
increased.
was the result of enhanced left ventricular preload, as evi-
denced by increased left ventricular transmural pressure and
diastolic size. Improvement in left ventricular filling appears
to be the result of enhanced right ventricular output, because
after volume infusion, both right ventricular systolic pres-
sure generation and stroke work increased. The mechanism
of the increased right ventricular output appears to be en-
hanced right ventricular preload, as indicated by its in-
creased diastolic size.
Because the effective cause of low output in right ven-
tricular infarction is reduced left ventricular preload. with-
out apparent intrinsic depression of left ventricular contrac-
tility, it appears that volume loading allows the left ventricle
to reascend along its baseline ventricular function curve,
and thereby increase cardiac output. In the right ventricle,
however, there is a primary depression of contractility with
a resultant reduction in right ventricular output, despite in-
creased preload. The increase in right ventricular systolic
pressure and right ventricular stroke work after volume load-
ing suggests that the output of the infarcted right ventricle
is exquisitely volume dependent, a concept that correlates
well with clinical observations on volume loading in right
ventricular infarction. Furthermore, the response to volume
loading suggests that the degree of spontaneous right ven-
tricular dilation after infarction is not of suffiient magnitude
to allow full utilization of the Frank-Starling mechanism.
Volume loading allows the right ventricle to reascend along
a depressed ventricular function curve, and thereby augment
its output. The thin-walled right ventricle is intrinsically
more compliant than the thicker-walled left ventricle. There-
fore, the right ventricle is able to acutely accommodate an
increased preload with a proportionately smaller increment
in filling pressure. Thus, the right ventricle may be able to
increase its output via the Starling mechanism with little
change in filling pressure.
Role of the pericardium in right and left ventricular
function. The present study emphasizes the important role
of the pericardium in the pathophysiology of low cardiac
output in experimental right ventricular infarction. The peri-
cardium is a stiff constraining shell characterized by a steep
pressure-volume relation, such that any acute increase in
intrapericardial volume is likely to produce a dispropor-
tionate increase in intrapericardial pressure and, conse-
quently, compromise ventricular filling (14,15). The relative
effects of increased intrapericardial pressure on each ven-
tricle will depend on the relative compliance of the two
chambers, the gradient for filling each ventricle and the
interaction between the chambers across the ventricular sep-
tum (14-21). In our previous study (7), we demonstrated
that left ventricular preload is reduced after right ventricular
infarction, even with the pericardium open. However, the
presence of an intact pericardium further exacerbated the
preload deprivation of the left ventricle, contributed to lower
systemic output and was responsible for equalization of
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ventricular diastolic pressures. Pericardiotomy resulted in
improved left ventricular filling and systemic output, with
concomitant resolution of equalized pressure chambers.
In the present study, the increased intrapericardial pres-
sure after right ventricular infarction was associated with
marked decrements in left ventricular diastolic size and
transmural pressure, and a corresponding decrease in left
ventricularoutput. Equalization of diastolic pressures, sug-
gestinga formof cardiac restriction, was seen. Aftervolume
loading, the increase in right ventricular preload and output,
with a resultant increase in left ventricular preload and sys-
temic output, occurs despite a further increase in intraper-
icardial pressure and persistence of the pattern of equalized
diastolic pressures.
These findin gs sugges t that pericardial restriction may
play a pathophysiologic role in right ventricular infarc-
tion.This concept is further supported by the response to
pericardiotomy, which resulted in an abrupt and marked
increase in systemic output. This improvement in output
was the result of increased ventricular preload, as demon-
strated by increases in ventricular transmural pressure and
indexes of ventricular diastolic size. It is also apparent that
once the full utilization of the Frank-Starling mechanism
occurs, a further increase in right ventricular size is unlikely
to cause any further increase in right ventricular output.
Furthermore, excessive dilation of the right ventricle po-
tentially could limit left ventricular filling by increasing
intrapericardial pressure (16-18 ,22).
Clinical implications. The efficacy of volume loading
in clinical right ventricular infarction has been suggested in
several reports (1-3) . However, the pathophysiology of low
cardiac output in clinical right ventricular infarction has not
been defined, and the efficacy of volume loading has not
been definitively demonstrated, nor its mechanism of effect
explained. The improvement in ventricular fill ing and sys-
temic output associated with volume infusion in this study
further supports the notion that compromised left ventricular
fill ing is an important mechanism in the pathophysiology
of low cardiac output in right ventricular infarction and
correlates well with clinical observations on the efficacy of
volume infusion in right ventricular infarction . It needs to
be emphasized that left ventricular infarction is almost al-
ways associated with clinical right ventricular infarction.
Therefore, left ventricular failure may coexist with right
ventricular failure. Volume loading alone in these circum-
saances may not be effective in reversing the low output
state.
In summary. the present study corroborates previous find-
ings that intact right ventricular systolic function is impor-
tant in the maintenance of systemic output. It is clear that
low cardiac output in experimental right ventricular infarc-
tion is primarily due to reduced left ventricular preload,
resulting in part from depressed right ventricular systolic
function. Elevated intrapericardial pressure, resulting from
right ventricular dilation, further reduces left ventricular
preload and produces diastolic pressure equalization. Vol-
ume loading results in improved systemic output by aug-
menting right ventricular preload, which results in increased
right ventricular output, and thereby enhances left ventric-
ular fill ing. Pericardiotomy results in further improvement
in ventricular filling and output and facilitates resolution of
equalized ventricular diastolic pressure.
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